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EDITOR 'S  SUMMARY 


Using  a  25Z  suspension  of  potato  starch  in  vaseline  oil,  the  authors 
have  studied  the  dependence  of  the  electro-rheological  effect  upon  hydra¬ 
tion  level  of  the  disperse  phase. 

It  is  shown  that  as  the  moisture  content  of  the  disperse  phase  is 
increased,  the  electro-rheological  effect  passes  through  a  maximum.  As  the 
electrical  field  intensity  is  increased,  the  positions  of  such  maxima  shift 
towards  lower  moisture  levels.  The  I/V  characteristic  is  non-linear. 

It  is  to  be  noted  that  the  electro-rheological  maxima  are  attained  at 
moisture  contents  consistent  with  the  water  being  in  a  bound  state. 


Under  the  effect  of  strong  electrical  fields  it  is  possible  to  observe  a  rapid  and 

reversible  increase  in  the  viscosity  of  non-aqueous  dispersions  -  the  electro-rheological 

(ER)  effect  .  One  can  consider  this  to  be  a  manifestation  of  structure  formation  as 

the  result  of  the  polarisation  of  and  the  interaction  between  particles  of  the  disperse 

phase.  In  systems  with  a  hydrophilic  dispersed  phase,  a  decisive  role  in  structure 
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formation  is  played  by  water  absorbed  on  the  surface  of  the  particles  . 

Ibis  Paper  describes  the  results  of  an  investigation  into  the  dependence  of  the 
ER-effect  upon  the  interaction  characteristics  of  the  disperse  phase  with  water. 

Potato  starch,  a  typical  highly  hydrophilic  natural  polymer,  was  the  subject  of  the 
investigation.  It  was  carefully  washed  free  from  electrolytes,  dried  at  60°  for  6  h  and 
then  at  110°  until  constant  weight  was  reached.  It  was  moistened  under  vacuum  and  left 
for  4  day 8.  Moisture  content  was  determined  gravimetrically . 

The  ER  characteristics  of  the  suspension  of  starch  in  vaseline  oil  were  investigated 
in  a  rotary  plastoviscometer-condenser,  with  a  radial  gap  between  electrodes  of  0.5  mm4. 
The  maximum  shear  stress  at  a  velocity  gradient  of  30  s  was  recorded  before  and  after 
the  application  of  the  electric  field. 

Fig  1  shows  the  effect  of  hydration  on  the  rheological  behaviour  of  the  suspension 
at  various  field  strengths. 

For  suspensions  of  dry  starch  (U  -  0Z)  the  application  of  an  electric  field  has 
practically  no  effect  on  the  shear  stress.  Hydration  of  the  disperse  phase,  however, 
sharply  changes  the  picture:  as  moisture  levels  rise,  the  differential  shear  stress.  At  , 
increases,  attains  a  maximum  and  then  falls.  The  threshold  value  of  the  moisture  for 
which  the  ER  effects  becomes  apparent,  decreases  with  increase  in  the  field  intensity. 

A  particularly  interesting  feature  is  the  displacement  of  the  maxima  in  the  t(W)  curves 
towards  lower  moisture  content  in  the  disperse  phase,  as  the  electric  field  increases. 
Also,  the  higher  the  field  the  more  sharp  are  the  maxima.  Hcwever  for  moisture  content 
below  20Z  the  growth  and  displacement  of  the  maxima  are  barely  observable  at  high  fields; 
that  i«  to  say,  a  saturation  effect  is  apparent. 

This  is  manifest  in  the  fact  that  At  attains  maximum  values  for  moisture  levels 
in  the  starch  which  do  not  exceed  the  content  of  bound  water  (35Z) .  On  the  basis  of  this 
observation  one  can  advance  some  hypotheses.  The  change  from  a  free  to  a  bomd  state  of 
water  is  accompanied  by  organisation  of  its  structure.  According  to  Duaanskii^,  the 
bonding  of  water  on  the  surface  of  hydrophilic  particles  is  achieved  by  hydrogen  bond 
formation.  Such  bonds  arise  both  between  surface  OH-groups  and  molecules  of  HjO  and 
between  adsorbed  molecules  of  water.  Thus  a  chain  structure  of  water  molecules  is  formed 
on  the  surface,  which  enables  the  transfer  of  protons  to  take  place  in  an  electric  field. 
This  produces  proton  conduction  and  polarisation  of  the  hydrophilic  psrtides  according 

g 

to  Maxwell -Wagner  .  Bound  water  certainly  possesses  anisotropy  of  conductivity:  the 

electrical  conductivity  measured  tangentially  to  tha  surface  of  the  adsorbent  is  higher 
9  10 

than  that  normally  *  Thus  the  electrical  resistance  is  hipest  of  all  in  the  tones 
of  contact  between  particles  forming  an  inter-electrode  structure.  The  voltage  drop  in 
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the  inter-electrode  space  occurs  basically  in  the  contact  regions.  By  virtue  o£  this, 
the  optimum  conditions  are  created  for  polarisation  interaction  between  particles  in  the 
disperse  phase. 

Besides  polarisation  interaction,  the  field  effect  may  play  an  important  role  in 
structure  formation:  a  strong  electric  field  is  generated  in  contact  zones  when  chains  of 
particles  having  weak  conductivity  are  broken.  This  produces  a  strong  electrostatic 
interaction  of  the  structural  elements  and  the  considerable  resistance  of  the  chains  is 
overcome11.  With  the  appearance  on  the  particle  surface  of  free  water  (ie  when  moisture 
content  of  the  starch  exceeds  35Z)  collars  of  water  are  formed  at  contact  sites  and  the 
electrical  resistance  falls  sharply.  This  leads  to  a  reduction  in  the  polarisation 
interaction  and  to  a  weakening  of  the  structure .  A  similar  picture  is  observed  when  the 
electric  field  intensity  increases.  A  rise  in  the  conductivity  is  possible  at  the  expense 
of  breakdown  and  other  effects  in  strong  electric  fields.  However  an  increase  in  the 
conductivity  of  the  system  is  accompanied  by  a  reduction  in  its  stability. 

The  current  characteristics  observed  when  an  electric  field  is  applied  to  the 
system  under  investigation,  are  shown  in  Fig  2. 

For  a  field  of  4  kV/cm  the  conductivity  becomes  perceptible  when  the  moisture 
content  reaches  30Z.  However  for  higher  electric  fields  the  current  increases  sharply 
for  low  moisture  contents.  The  dependence  of  the  conductivity  on  the  field  intensity 
has  a  strongly  non-linear  character  which  confirms  the  possibility  of  breakdown  (the 
current  magnitude  corresponding  to  the  maxims  for  various  fields  was  limited  to  60  uA) . 

Thus  in  hydrocarbon  disperse  systems  containing  hydrophilic  particles,  the  ER-effect 
attains  a  maximum  for  moisture  contents  corresponding  to  boimd  water.  A  sharp  increase 
in  electrical  conductivity  with  increase  in  the  moisture  content  or  in  the  electrical 
field  intensity  weakens  the  inter-electrode  structure  and  reduces  the  ER-effect. 


5 


REFERENCES 


No. 

Author 

Title,  etc 

1 

Z.P.  Shul'man 

Yu  F.  Deinega 

R.  G.  Gorodkin 
A.D.  Matsepuro 

Elektroreologicheakii  effekt. 

Minsk,  Nauka  i  tekhnika  (1972) 

2 

A.V.  Lykov 

Z.P.  Shul'man 

R.G.  Gorodkin 

Inzh-Fiz,  Zh.,  H.,  4,  589  (1968) 

3 

A.V.  Lykov 

Z.P.  Shul'man 

R.G.  Gorodkin 

A.D.  Mataepuro 

Inzh-Fiz,  Zh.,  28,  6,  979  (1970) 

4 

Yu  F.  Deinega 

V.P.  Pavlov 

G.V.  Vinogradov 

Zoo.  Icb.,  26,  353  (1960) 

5 

A.V.  Duaanskii 

Liofil'noat'  disperanykh  sistem  (Lyophilic 
disperse  systems) . 

K.,  Izd-vo  AN  USSR  (1960) 

properties 

6 

P.L.  Privalov 

Biofizika ,  _1_3 ,  1,  163  (1968) 

7 

S.  Takashima 

J.  Polym.  Science,  5£,  174,  233  (1962) 

8 

B.I .  Sedunov 

D.A.  Frank- 
Ramenetakii 

Uap.  Fiz.  Sauk,  79,  618  (1963) 

9 

M.  Take da 

K.  Nukasava 

Kahaky  Science ,  1 7,  181  (1947) 

28,  21  (1948) 

10 

H.I.  Berendeen 

J.  Cham.  Phye.,  36  ,  3297  (1962) 

11 

Z.P.  Shul'man 
A.D.  Mataepuro 
V.Z.  Kuz'min 

Veetai  AS  BSSR  aer.  Fiz-energ.  n.,  Z_,  130 

(1974) 

Bf- 

J ■ 

#*  K 


.  -■  .  V 

■<-  '•-  tire 

OM 


* 

t 

» 

i 

I 


30  h 


20  JO  40  W.% 


Ordinate  ■  At,  dyne/cn^  *  10^ 

Fig  1  The  dependence  of  a  change  In  the  differential  shear  stress  At,  on  the 
moisture  content,  w.X  ,  of  a  disperse  phase.  In  a  25X  suspension  of 
starch  In  vaseline  oil  for  various  electrical  field  Intensities  (In  kV/cm): 

1-4-,  2-8;  3-12;  4-16;  5-20;  6-24;  7-28;  8-32;  9-36;  *- breakdown. 
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Fig  2 


Fig  2  The  dependence  of  the  current  (3  mA)  In  a  25%  suspension  of  starch  In 
vaseline  oil,  on  the  eolsture  content,  w.% ,  of  the  disperse  phase  for 
various  electrical  field  Intensities  (In  kV/cm): 

1  -4;  2 -8;  3-12;  4-16;  5-20;  6-24;  7-28;  8-32. 
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